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(S) Hardenabfe resin composition. 



Hard enable resin compositions useful In forming hard permeable masses in remote locations or 
zones, comprise a hardenable poiyepoxide resin, one or more substantially water immiscible diluents 
present In said resin composition to lower the viscosity thereof, and a hardening agent comprised of the 
adduct formed by reacting an aliphatic amine with the condensation reaction product of epicrtorohyd- 
rin and bisphenoi A. 
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This invention relates to • hsrdanabla resin composition. 
. ^^P 03 * 1 "" uaelW ** «>"^Watlnfl Particulate materials into hard permeable masses have been 
^ ^J^^Z**™ tha 08 lndU8try ' <™t>°>**»* *"d method. for plac^Tuc^ateT 
^£~22? a ? h an,U86d ' for examp,e ' «o form hart permeabto mane. h ^Lrene^fanTtZ 



formed by the consolidated particulato materials reduce or prevent tha migration of l~JT« 
incornpetent sand, when piaced between the producing formation, and th. wTbore, JZS^ ^TnZ 

0 />" tocnn ^" e "« haretofore been utlized successfoHy for forming a consolidated, permeable oar- 
S"!*.T aa ' ***** •"•»«>«• and a Pnxfodng formation Involve, coating the form^nTaTad^ 
L ^^?^H h * ^ »*< h " 'he resin to harden. An^tellTte^n 

L^^L hard !^ W# ° n th * * coated sand ina gelled aqueouTca^ 

sTndl^^ SETT'S' r y °' th#WB " b0reinto the tomato whJreby £ ££££ 

Metnods of continuously forming and suspending coneolidatible resin composition coated particulate me. 
tonal in a gelled aqueous carrier liquid and transporting the coated partk^^tenalb^. wsl^L ?X 
aqueous carrier liquid to a zone in which It Is consolidated are described in US Patent IS 
May 9. 1"e. In .coordarv» with such m^ 

liquid orated particulate matertal. a resin composition which will subsequently harden and lZ^L7c£ 

Whie the method, and compositions disclosed In Patent No. 4.829,100 have been used suc~mS.ii,, 

^T.T^T ± hardeninfl aflent » indud, "« """"*•» d.anZeSC3^^ 
cinogenic and therefore hazardous to personnel, and to be incompatible with some other c«Sv uaed^ 

ponento In gelled aqueous fluids such a. oxidative gel breakers and the like. Aliphatic ESTffiSl^E 

sirs issEsar 1 — ~ ~ ^ £ 225 

wh.J^^S!^!r an imPr0V6d hardenaW6 r88,n composition which Is less hazardous to personnel 

compr^rrerSrc^^* ^^vantage. of prtorart 

the vi.co.Ky thereof to a desired level and a hardening agent comprtoeTof the mSSS!!^^^ 
aliphatic amlnewHh the condensation reaction prod Jet of .2^^1S2?{L2K 
agent Is non-carcinogenic and I. compatible with moat component, utilized In su22« fa£JEJ ^ 
pletion and stimulation fluids Including oxidative gel breaker. aubterrenean formation com- 

tlcuiItem^nf I lT , I 8,n °" 66 dl " P * 8ad ,na 9 dl8d «««ao"» carrier liquid atong with par- 

ticulate material and a surface active agent whereby the particulato material la coated with th! «£T!!L 
sition and suspended in the carrier liquid. The resulting composition anhT 222^S ? Wmp °" 

by it is consolidated into a hard permeable particulato mass therein The MrLl^r,' ^* where " 

duced therefrom. The gelled aqueous liquid composition containing resin coated particulate , 
be utilized in stimulation procedure, such a. in subterranean formation SSSStll 

pTrn^™^ 

Method, of continuously forming and suspending consoiidatfcle resin coated particulate material in a «wu 
Ih. .cud p«tal«. Olwydtt.cm^l^Uto.zco, i^^SL^S^. 
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sdldated have been known and used heretofore. U.S. Patent No. 4,829, 100 to which reference should be made 
for further detala, discloses such resin compositions and methods. However, the hardening agents most com- 
monly utltzed In the resin compositions used for carrying out the methods described In Patent No. 4,829,100, 
La., hardening agents including methylene dianllne, present several problems. The most severe problem is 
5 that methylene dianllne has been found to be a carcinogenic material and therefore It constitutes a hazard to 
personnel. 

Another problem with the use of hardening agents comprised of methylene dtaniline is that methylene die- 
niiine is incompatible with other components utilized in subterranean formation completion and stimulating 
fluids. For example, gafled fracturing fluids often include delayed gel breakers of the oxidative type such as 

10 sodium pereiifate. Methylene dlanQine adversely reacts with such oxidative compounds to diminish or extin- 
guish their ability to function as gel breakers. 

Aliphatic and cydoallphatfc amines are wail known In the art as hardening agents for spoxy resins. Such 
amines are readly available and produce excellent hardening results. However, aliphatic and cycioaJiphatic 
amines are either soluble in water or form emulsions in water whereby they do not function well in the presence 

1$ of water. That is, the solubility or emulsifying tendencies of amines in water tends to cause amines when used 
as hardening agents to be separated from the resin thereby diminishing the resin hardening process caused 
thereby. 

The hardening agents of the Improved resin compositions and methods of the present Invention are com- 
prised of certain ad ducts of aliphatic or cycioaJiphatic amines. The adducts do not prevent the amines from 
20 producing rapidly hardened epoxy resins of excellent strengths, but they do obviate the problems associated 
with water solubility or emuislf icatlon described above. 

An improved hardenable resin composition of the present invention is comprised of a hardenable pdyep- 
oxide resin, one or more substantially water Immiscible diluents present In the resin composition In amounts 
sufficient to lower the viscosity of the composition to a desired level and a hardening agent comprised of an 
25 adduct formed by reacting an aliphatic or cydoallphatic amine with the condensation reaction product of epi- 
chlorohydrin and blaphenol A The term "aliphatic amine" is used hereinafter to mean cydoallphatic amines 
as well as straight or branched chain amines. 

While a variety of aliphatic amines can be utilized, preferred amines are those selected from the group 
consisting of ethylene diamine, Methylene tetramlne, tetraethylene pentamine, bJs-(p-aminocydohexyl) me- 
30 thane, the diamines and triaminea of cydopentane and the diamines and triamlnea of cydohexane, e.g., 1,2- 
diamino cydohexane and 1 ,4-diamlno cyctohexane. Of these, Methylene tetramlne, 1 ,2-dlamino cydohexane 
and 1,4-diamino cydohexane are more preferred with 1 ,4-diamlno cydohexane being the most preferred. 

The adducts of the aliphatic amines are prepared by p re-reacting a selected amine with the reaction prod- 
uct of epichlorohydrln and bisphenol A The condensation reaction product of epichlorohydrln and bisphend 
35 A can be represented as follows: 

T 

2 CHjO^HCHjCl + HO-^-C-^-OH -> 
40 epichlorohydrln | 

CH, 

bisphenol A 



so 



0 CH, O 

CH^-^ - CH 2 - °-^J^j-^j^° - CH * " Cfl^-^Hj + 2 CI 

CH, 



When the condensation reaction product of eptehJorohydrin and bisphend A is reacted with an aliphatic 
amine, the adduct of the amine is formed. When the amine is, for example, 1 ,4-diamino cydohexane, the ad- 
duct formation reaction can be represented as follows: 
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1,4-diim: 



A T /\ 

NH, ♦ CH, - « - CH, - O-^-C^O - CH, - CH - CH, - 



taaino cyclohexane | 

CH, 



OH CH, OH 

HjH-^^-NH - CH, - JL - CH, - O - CH, - A - 

CH, 



PolyepoxMe resins which can be utifzed in the above-described harden able resin composition include con- 
densation products of epichiorohydrln and multiple hydroxy compounds such aa resorcinoi hydroquinone, gly- 
16 carina, pentaerythrltol, 1 ,4-butanediol, phloroghiclnol, bis phenol A and bisphenol F. The structural formula of 
bisphenoi F Is as fblows: 

HoH G^i"0" oH 

H 

25 The preferred resins are the condensation resin products of epichiorohydrln and bisphenol A. A convnercially 
available such product is marketed by the Shell Chemical Company of Houston, Texaa, under the tradename 
Epon 828™. Epon 828™ resin exhibits good temperature stability and chemical resistance, and has a viscosity 
of about 1 5,000 cent i poises. 

The one or more substantially water immiscible dluents utlized in the resin composition are present there- 

ao in In amounts sufficient to adjust the viscosity of the composition to a desired level, generally a level in the 
range of from about 1 00 centlpoisee to about 800 centipoises. Preferably, two polar organic diluents are used 
which are miacible with the polyepoxide resin and substantially immiscible with water. One of such diluents is 
preferably reactive with the epoxy resin component with the other diluent being non-reactive. 

The substantially water immiscible reactive dBuent Is preferably comprised of at least one member selected 

as from the group consisting of butyl glycldyt ether, creeol glyckJyl ether, alyf glycidyi ether, phenyl glycidyl ether, 
digfyddyi ether of 1 ,4-butanediol (butyl dlglycldyl ether) and resorcinoi (resorcinoi diglycidyl ether) and other 
glycldyt ethers which are miacible with the epoxy resin utilized. Of these, butyl glycidyl ether and cresol glycidyl 
ether are the most preferred. The reactive diluent or diluents are generally present In the resin composition 
In an amount in the range of from about 2 to about 35 parts by weight per 100 parts by weight of the pdyepoxy 

40 resin present Preferably, the reactive diluent la present In the range of from about 1 5 to about 30, and most 
preferably, about 28 parts by weight per 1 00 parts by weight of polyepoxide resin. 

The substantially water immiscible non-reactive diluent Is preferably selected from the group consisting 
of compounds having the structural formula: 

46 o 0 0 

i ii i 

R, - C - OR or R, - C - OR,0 - C - R, 

so wherein R is CJi^ in which n is an integer in the range of from 1 to about 5; R t is C^H^**, wherein 

m Is an integer In the range of from 1 to about 4, or Ri la 
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wherein y 1$ an Integer In the range of from 1 to about 4 and X la independently H or OH; and R 2 la C.H* 
wherein a la an Integer In the range of from 2 to about 5. 

Of the compounds tailing within the above-described group, ethyl acetate, butyl lactate, ethyl lactate, amy! 
acetate, ethylene glycol diacetate and propylene glycol dlacetate are preferred. Of these, butyl lactate la the 
s most preferred. 

The substantially water Immiscible non-reactive diuent is generally present in the resin composition in the 
range of from about 4 to about 20 parts by weight per 100 parts by weight of the poiyepoxide resin present 
Preferably, the non-reactive dBuent la present in an amount in the range of from about 8 to about 15, and moat 
preferably, about 10 parts by weight per 100 parts by weight of the poiyepoxide resin present 

10 Examples of other diluents which can be utilized are methyl alcohol and other low molecule weight alka- 
nds, totrahydrofurfuryl methacrylate and ethyl acetate. 

The above-described hardening agent, l.e., the adduct formed by reacting an aliphatic amine with the con- 
densation reaction product of eptehJorohydrin and biaphenol A, is generally present in the resin composition 
in an amount in the range of from about 20 to about 150 parts by weight per 100 parts by weight of poiyepoxide 

is resin. Preferably, the hardening agent is present in an amount in the range of from about 40 to about 90, and 
most preferably, about 68 parts by weight per 100 parts of poiyepoxide resin. 

The hardenable resin composition can also include retarders or accelerators as hardening rate controllers 
to lengthen or shorten the working and cure times of the resin composition. Low molecular weight organic acid 
ester retarders such as alky! esters of aikyt acids containing about 2 to 3 carbon atoms can be utllzed. Suitable 

20 accelerators Include 2,4,8-trlsdimethylaminomethylphenol, the ethyl hexonate salt thereof and weak organic 
acids such as fumade, erythorbJc, ascorbic, salicylic and maleic acids. When a retarder or accelerator is util- 
ized, it is generally combined with the resin composition In amounts up to about 10 parte by weight per 100 
parts by weight of poiyepoxide resin. 

While the above-described hardenable resin composition can be utilized in a variety of applications, it is 

25 particularly suitable for use In oil and gas well completion and stimulation procedures. In such applications, 
the resin is generally utilized to consolidate particulate material, either particulate material admixed with the 
resin composition and introduced into a subterranean zone by way of a well bore or loose or incompetent par- 
ticulate material contained within one or more subterranean formations penetrated by the well bore. In such 
applications, the resin composition preferably also Includes a resin to particulate material coupling agent to 

30 promote bonding of the resin to the particulate material. A preferred such coupling agent is N-beta-<aminoe- 
thylHjanwa-aminopropyttrimethoxysiane. The coupling agent generally can be included in the resin compo- 
sition in an amount from about 0.1 to about 2 parts by weight per 100 parts by weight of poiyepoxide resin. 

A composition of the present invention useful in forming a hard permeable mass in a remote location, e.g., 
a subterranean formation penetrated by a well bore, is comprised of an aqueous liquid, at least one hydratabie 

38 polysaccharide gelling agent, the above-described resin composition, particulate material such as sand and 
one or more surface active agents for promoting the coating of the particulate material with the resin compo- 
sition. 

The aqueous liquid can be fresh water, brine or sea water. A variety of hydratabie polysaccharide gelling 
agents can be utilized having molecular weights In the range of from about 100,000 to 4,000,000, preferably 
40 from about 600,000 to 2.400,000. Preferably, the polysaccharide polymer gelling agents are cellulose or guar 
derivatives. The polymers Include substftuents such as hydraxyethyl to give the necessary water hydration 
and gel characteristics to produce a dear aqueous gel having a viscosity of at least about 30 centlpoises (read- 
ing on a Fann V.G. meter at 300 rpm). Preferred such polymers include substituted carboxy and hydroxy alkyf 
cellulose, such as hydroxysthylceiluloee and carboxymethylhydraxyethyiceilulose, and subst fated hydrox- 
ys yalkyfguar, such as hydraxypropylguar. The most preferred polysaccharide polymer gelling agent is hydroxy- 
propylguar having a molecular weight in the range of from about 100,000 to about 4,000,000, and having a 
propylene oxide substitution (MS) of about 0.1 to about 0.7 moles of propylene oxide per mole of mannoae 
and galactose in the guar. 

The surface active agent for promoting the coating of the particulate material can be one or more cation Ic 
so surface active agents or one or more non-cationic surface active agents, or one or more of both. As used herein, 
a noncationic surface active agent includes a blend of anionic and non-ionic surface active agents. 

Useful cation ic surface active agents include the reaction product of an alcohol, epichiorohydrin and trie- 
thyfenediamfne wherein monohydric aliphatic alcohols having in the range of from about 12 to about 16 carbon 
atoms are reacted wit h from 2 to 3 moles of epichiorohydrin per mole of alcohol fblowed by reaction wit h an 
55 excess of trlethylenediamine. The alcohol-epichlorohydrin reaction product contains an ethoxylatbn chain hav- 
ing pendent chlorides. The subsequent reaction with triethyienedlamine provides a cation ic and a tertiary 
amine functionality to the resulting product 

The non-cationJc surfactants are preferably ethoxylatod fatty adds produced by reacting fatty acids con- 
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talning from about 12 to about 22 carbon atoms wfth from about 5 to about 20 moles of ethylene oxide per 
mole of acid, most preferably from about 12 to about 18 moles of ethylene oxide per mole of acid, to produce 
a mixture of various quantities of ethoxylated acids and unreacted acids. 

When the gelling agent used is a cellulose derivative, one preferred surface active agent is a blend com- 

5 prised of isopropy! alcohol, the cat Ionic agent described above and the non-cationic agent described above 
wherein the weight ratio of cation ic agent to non-cationic agent in the blend is in the range of from about 0.4 
to 1 , and preferably about 0.6 parts by weight cation ic agent per 1 part by weight non-cationic agent and where- 
in the weight ratio of isopropy! alcohol to non-cationic agent in the blend is about 1 part by weight alcohol per 
1 pal by weight non-cationic agent 

10 When the gelling agent used herein is a galactomannan gum, a preferred surface active agent is a blend 
com prised of alcohol, e.g.. amy! alcohol, the cat ionic agent described above and the non-cationic agent de- 
scribed above wherein the weight ratio of cattonic agent to non-cationic agent in the blend is in the range of 
0 to 1, and preferably about 0.2 parts by weight cation ic agent per 1 part by weight non-cationic agent and 
wherein the weight ratio of alcohol to noncattonic agent in a blend is about 1 part by weight alcohol per 1 part 

15 by weight non-cationic agent 

After being prepared, the above-described composition is comprised of resin composition coated partic- 
ulate material suspended In a gelled aqueous liquid. The gelled aqueous liquid preferably contains the poly- 
saccharide polymer utilized in an amount in the range of from about 20 to about 120 lbs of polymer per 1000 
gallons of water, brine or sea water whereby the gelled aqueous liquid has a viscosity In the range of from about 

20 1 0 centipdses to about 400 centipolses. Most preferably, the geled aqueous carrier liquid includes from about 
30 to about 80 lbs of gelling agent per 1000 gallons of water, brine or sea water, and has a viscosity of from 
about 15 to about 100 centipolses. As is well understood by those skilled In the art the gelled aqueous liquid 
can be crossllnked to increase Hb viscosity and stability. 

The composition is transported to a remote location or zone where the resin coated particulate materia 

28 is to be deposited and consolidated. For example, the composition can be pumped down a well bore into a 
zone penetrated thereby adjacent a hydrocarbon producing formation. A gel breaker is preferably included in 
the gelled aqueous liquid to cause it to revert to a relatively thin liquid at the time the resin coated particulate 
material reaches the location of the zone. While a variety of gel breakers which are well known in the art can 
be utiized, an oxidative type of breaker such as sodium persuffate is preferred. Such oxidative gel breakers 

30 are generally Included In the composition in an amount in the range of from about 0.5 pounds to about 50 
pounds per 1000 gallons of gelled aqueous carrier liquid, but the particular amount depends upon the specific 
time period required between when the gel breaker is added and when the gel must be broken. Increases in 
the amount of gel breaker shorten such time period. As mentioned above, the resin composition can also in- 
clude retard ers or accelerators as required to lengthen or shorten the working and cure times of the resin com- 

35 position. 

A specific preferred resin composition for use In the above-described composition containing an aqueous 
liquid, a gelling agent particulate material, one or more surface active agents and the resin composition is 
comprised of an epichlorohydrin and bisphenoi A epoxy resin present In the resin composition In an amount 
of about 48% by weight of the composition. A substantially water immiscible reactive diluent comprised of butyl 

40 glycidyt ether is present in the composition In an amount of about 6.5% by weight and a substantially water 
immiscible non-reactive diluent comprised of butyl lactate is present in the composition in an amount of about 
6% by weight A hardening agent comprised of the adduct formed by reacting 1,4-diamlno cydohexane with 
the condensation reaction product of epichlorohydrin and biaphend A is included in the resin composition in 
an amount of about 35% by weight An N-beta-(aminoetriyl)-ga!™n^ coupling 

48 agent is present in the composition in an amount of about 1 .0% by weight and an accelerator comprised of the 
ethyihexonate salt of dlmethylaminomethy! phenol is present In the resin composition in an amount of about 
5% by weight of the composition. This resin composition has a viscosity of about 200 centipoisee, a working 
time of about 1 .5 hre. and a cure time of about 8 hre. at 80°F. When the accelerator is not present in the com- 
position it has a working time of about 7 hre. and a cure time of about 84 hre. 

so in accor danc e with the methods of the present invention, a gelled aqueous liquid composition containing 
resin coated particulate material is continuously formed and transported to a remote location. That is, a geled 
aqueous liquid is prepared in a storage container by combining a polysaccharide polymer gelling agent of the 
type described above with fresh water, brine or sea water. The hardenatte resin composition described above 
is prepared in a separate container by mixing the potyepaxkJe resin used wfth the substantially water immiscible 

55 diluent or diluents used and the hardening agent Continuous streams of the gelled aqueous liquid, ths hard- 
enable resin composition, particulate material, one or more liquid surface active agents and liquid gel breaker 
are conducted to a continuous mixing apparatus wherein they ere mixed and a gelled aqueous carrier liquid 
having resin composition coated particulate materials suspended therein is formed. The composition is con- 

e 
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tlnuously pumped from tha mixing apparatus to the remote location where the resin coated particulate material 
Is to be deposited and consolidated into a hard permeable mass, e.g., a subterranean zone penetrated by a 
well bore. As Is wel understood by those sidled in the art the zone may first be conditioned by preflushing 
with a suitable conditioning liquid and/or after flushes may be used to insure uniform placement, consolidation 
6 and maximum permeablity of the deposited resin coated particulate material. 

In order to flirt her llustrate the compositions and methods of the present invention, the following example 
is given. 



Example 

10 

Tests were performed to illustrate the differences resulting from the use of the compositions of the present 
invention including 1 ,4-diamino cydohaxane-blsphend Aadduct hardener and compositions including methy- 
lene dianiline hardener and unmodified amine hardener. The aqueous gel In all tests was comprised of 0.5% 
by weight of a commercial guar gelling agent and 2% by weight Ka in tap water. In addition 0.3% by weight 
16 of a blend of surfactants to promote coating of the mixed epoxy resin onto the sand was included In the gel. 
This blend was approximately 16% by weight cocobetaine, 25% by weight isopropanol, 29% by weight water, 
10% by weight of a mixed ethoxyiated (7 moles E.O) phenol resin, and 18% by weight iaoamyl alcohol. The 
resin compositions which were tested are as follows: 



20 



Resin #1 — Resin Composition Including Methylene Dianiline 

Havener 



30 
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Bisphenol A epoxy resin 

butyl glycidal ether 

Silane A-1120 T " (Union Carbide Co,) 

TONOX-22 T " (UN I ROYAL Chemical Co.) 

(eutectic mixture of methylene 

dianiline, i.e., 78% by weight, 

and higher mole weight 

homologues) 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6, tri- 
(methyl-N-dimethylaraine) 



100 parts by weight 
12 parts by weight 
2 parts by weight 



35 parts by weight 

25 parts by weight 

6 parts by weight 

6 parts by weight 



Reain #2 — fteain Compos it ion qC the Present invention 



50 



Bisphenol A epoxy resin 
butyl glycidal ether 
Silane A-1120™ 

l-4,diaminocyclohexane adduct of 

bisphenol A epoxy 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6 tri- 
( me thy 1 -N-d imethy 1 amine ) 



100 parts by weight 

12 parts by weight 

2 parts by weight 

64 parts by weight 

49 parts by weight 

6 parts by weight 

6 parts by weight 



The ethyl hexanoic salt of 2,4,6 tri(methyl-N-dimethylafnine is available from Air Products Co. as a com- 
mercial product (Anchamlne K-61B 71 ). 

The bisphenol A resin is available from Shell Chemical Co. as EPON 828™. The mixture of bisphenol A 
55 epoxy resin and butyl glycidal at her Is available from Shell Chemical Co. as EPON 81 5™. 
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Rggjn #3 " Resin Composition Including 1 . 4-Diamin ocvcloheyanq 

Bisphenol A epoxy resin 100 parts by weight 

butyl glycidal ether 12 parts by weight 

Si lane A* 1120 2 parts by weight 

l-4,dianinocyclohexane 15 parts by weight 

ethyl hexamoic salt of 2,4,6 tri- 

(methyl-M-dimethylainine) 2 parts by weight 

Procedure 



Test slurries were prepared using 250 cc of aqueous gel containing surfactant 250 g of 20/40 mesh Ottawa 
13 sand, 7.6 cc of one of the resin formulations described above and a breaker, 0.024 g of sodium persuifate. 
Finally, in some testa a breaker accelerator, 0.1 cc of Methanol amine was used. Also, in some testa, a cross- 
linker for the aqueous gel was used. The crossilnker was 0.12 of cc of a 30% by weight solution of sodium 
hydroxide and fumaric acid. 

The slurries were stirred for 1 minute and then poured Into one or more tubes for consolidation of the sand. 
20 The tubes were glass tubes coated with a mold release agent and stopper at one end. The sand In each slurry 
within each tube wae tamped down, clamped under mechanical pressure and then allowed to cure In a water 
bath at 1 20°F for 20 hours. A separate amount of each slurry was placed In a separate container in the 1 20°F 
water bath and observed to determine the time required for the gel to break. After curing, the sand consoli- 
dations contained In the glass tubes were removed by breaking the tubes and tested for compressive strength 
25 using a Tinus-Olsen press. The results of these tests are given in the Table which follows. 

Table of T« f fr R« f uAM 



30 


Resin 


Gel 

Cross; ipkft} 


Sodium 
Persuifate 
Breaker in 

Slurry 


Triethanol 

Amine 
in Slurry 


Compressive 
Strength 

(Pfil 


Gel Break 
fHrs.l 




/1 


no 


yes 


no 


1500 


no break 


35 


#1 


no 


yes 


yes 


1600 


no break 




#1 


yes 


yes 


yes 


100 


no break 




#2 


no 


yes 


no 


900 


20 


40 


#2 


no 


yes 


yes 


800 


3-4 




#2 


yes 


yes 


no 


170 


16 




#2 


yes 


yes 


yes 


600 


3-4 




#3 


no 


yes 


no 


none 


no break 


45 














#3 


yes 


yes 


yes 


no coating 


3-4 



Claims 



1. A hard enable resin composition comprising a hardens bfe poiyapoxide resin, one or more substantially wa- 
ter immiscible diluents present in said resin composition to lower the viscosity thereof, and a hardening 

55 agent comprised of the adduct formed by reacting an aliphatic amine with the condensation reaction prod- 

uct of epichlorohydrin and bisphenol A. 

2. A composition according to claim 1 , wherein the amine is ethylene diamine, triet hytene tetramine, tetra- 

8 
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ethylene pentamlne. bts<p-amlnocYciohexy1) methane, e dtamlne or trtemine of cyciopentane, or e diamine 
or trtemine of cydohexane. 

3. A composition according to daim 2, wherein said amine la Methylene tatramlne, 1,2-diamino cydohexane 
or 1,4-diamino cydohexane. 

4. A compoaitlon according to claim 1,2 or 3 wherein the pdyepoxlde reeln comprteee the condensation re- 
action product of eptchtorohydrin and blsphend A. 

8. A composition according to claim 4. wherein said one or more substantially water immiscible diluents In- 
clude a reactive dluent sdected from butyl glycidyt ether, creed gtycidyi ether, ally) glycidyi ether, phenyl 
glyddyl ether, butyl didycldyl ether, resordnol didycldyl ether and mixtures of two or more thereof. 

6. A compoaitlon according to any of dalms 1 to 5. wherein said one or more substantially water immiscible 
dluents Include a non-reactive diluent sdected from compounds having the structural formula: 



Rj- C - OR or Ri -C - OR2O - C - R1 

wherein R is C^H^ in which n is an integer of from 1 to 5; R, la C^H^, wherein m la an integer 
of from 1 to 4, or Ri is 




wherein y is an integer of from 1 to 4 and X is H or OH; and R 2 to C^j. wherein a is an integer of 
from 2 to 5. 

7. A composition according to any of claims 1 to 6, which also Include an aqueous liquid In which said hard- 
enable resin composition Is dispersed. 

8. A composition according to claim 7, wherein said aqueous liquid Includes a polysaccharide polymer gelling 
agent therein. 

9. A composition according to claim 7 or 8, which is mixed with particulate material suspended in said aqu- 
eous liquid, which particulate material is coated with said resin composition. 

10. A composition according to any of claims 1 to 9, which further includes one or more surface active agents 
for promoting the coating of particulate material with said resin composition, said one or more surface 
active agents including a non-cation ic surface active agent comprising at least one member selected from 
ethoxytated fatty adds produced by reacting fatty adds containing from 12 to 22 carbon atoms with from 
5 to 20 moles of ethyleneoxide per mole of fatly add, and mixtures of said ethoxytated fatty acids with 
unreacted fatty adds. 
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